Camels play an important socio-economic role within the pastoral and agricultural system in the dry and semidry zones of Asia and African where they are dual purpose animals (meat and milk). In spite of the effective role of casein genes with their polymorphisms on quantitative traits and technological properties of milk, the studies on genetic polymorphism of camel milk genes are limited. This work aimed to identify the genetic polymorphisms and SNPs of two casein genes in Maghrabi camel breed in Egypt. The amplified fragments at 488-bp of κ κ κ κ κ-CN gene were digested with AluI endonuclease. The results showed the presence of three genotypes; CC (12%), TT (48%) CT (40%). The sequence analysis of two detected alleles declared the presence of a SNP (C→ → → → →T) at position 121 in amplified fragments. The nucleotide sequences of κ κ κ κ κ-CN alleles C and T were submitted to GenBank with accession numbers; KU055605 and KU055606, respectively. The primers used in this study amplified 942-bp fragments of ás1-casein gene. The results of SmlI digestion did not showed any restriction site whereas the digestion with AluI endonuclease revealed the presence of two restriction sites AG^CT at positions 68^69 and 631^632 in amplified fragments. The nucleotide sequence of monomorphic α α α α αs1-casein gene was submitted to GenBank with accession number KU145820.In conclusion, the genetic characterization of genes associated with milk yield and composition in camel is considered an essential step towards its genetic improvement through the selection of superior animals depending on the favorable alleles and genotypes; marker assisted selection (MAS).
A great interest has been directed to camels in the world; the camel is a very important animal in the arid and semi-arid regions. The survival of millions of human being is dependent on the camel in such areas for meat, milk and hair production and still an important mean of drought and transportation for large sectors of pastoral societies (El-Sawalhy et al., 1996) . In spite of camel's considerable contribution to food security in semi dry and dry zones, and its being a major component of the agro-pastoral systems in vast pastoral areas in Africa and Asia, little is known about its production potential and systems compared to other domestic animals. However, most previous research conducted on camels was oriented towards diseases, reproductive physiology and characterization (Mehari et al., 2007) .
In Egypt, camels are important animals because they are dual purpose animals (meat and milk production). In the Nile Valley and Delta, they are mainly raised for meat production and some agricultural labors. In the desert, they are raised equally for meat and milk production, some labors and transport. On the other hands, some breeders raise them for camel racing. It was reported that many camel breeds are reared in Egypt, but the main camel breeds are Maghrabi (a dual purpose animal), however, Falahy, Sudany and Mowaled (meat type animal) (Mahran, 2004) .
Recently, genetic polymorphisms at candidate genes affecting economic traits have stimulated substantial research interest because of their impending utilization as an aid to genetic selection and to demarcate evolutionary relationships in different livestock breeds (Sodhi et al., 2007 Gupta et al., 2007) .
The casein fraction of ruminant milk proteins consists of four caseins, namely αs1, αs2, β and κ−casein. These four caseins are the main components (76-86%) of total milk protein (Swaisgood, 1992) . The relative amounts of these four casein fractions affect the physicochemical, nutritional and technological properties of ruminant milks (Ramunno et al., 2000) . The casein proteins include three main specific proteins which are the calcium-sensitive (αs1-, αs2-and β-caseins) that coalesce with κ-casein, calcium and phosphate to form micelles. These casein proteins encoded by four clustered genes in a 250-kb genomic DNA fragment; αs1 is very close to β followed by αs2 and κ-caseins (Provot et al., 1995) .
Despite of the important role of casein genes and their effects on quantitative traits and technological properties of milk, few studies were focused on the genetic characterization of casein genes in camels comparing with other in ruminants. The present study aimed to identify the genetic variations (polymorphisms) in two casein genes; κ-and αs1-casein genes in Maghrabi camel breed reared in Egypt using PCR-RFLP and nucleotide sequence analysis.
MATERIALS AND METHODS

Animals and genomic DNA extraction
The blood samples used in this study were collected from 50 Maghrabi camel females belonging to different farms; the camel production station in Marsa Matrouh (Animal Production Institute, 25 samples) and three private farms in West Desert of Egypt (25 samples).Genomic DNA was extracted from the whole blood according to the method described by Miller et al. (1988) with minor modifications. Briefly, blood samples were mixed with cold 2x sucrose-triton and centrifuged at 5000 rpm for 15 min at 4°C. The nuclear pellet was suspended in lysis buffer, sodium dodecyl sulfate and proteinase K and incubated overnight in a shaking water bath at 37°C. Nucleic acids were extracted with saturated NaCl solution. The DNA was picked up and washed in 70% ethanol. The DNA was dissolved in1x TE buffer. DNA concentration was determined, using NanoDrop 1000 (Thermo Scientific Spectrophotometer) and then diluted to the working concentration of 50 ng/µl which is suitable for polymerase chain reaction.
Polymerase chain reaction:
A PCR cocktail consisted of 1.0 µM of upper and lower primer specific for each tested gene, 0.2 mM dNTPs, 10x PCR reaction buffer and1.25 units of Taq polymerase (Fermentas). The cocktail was aliquot into PCR tubes with 100 ng of camel DNA. The reaction was run according to the optimum condition specific for each primer ( Table  1 ). The PCR products were subjected to electrophoresis on 2% agarose gel stained with ethidium bromide to test the amplification success.
Restriction fragment length polymorphism (RFLP)
The PCR products for each tested genes were digested with AluI and SmlI restriction enzymes. Ten µl of PCR product were digested with 1µl of FastDigest restriction enzyme for 15 min at the optimum temperature for maximum activity of each restriction enzyme. Gels were visualized under UV light and documented in FX Molecular Imager apparatus (BIO-RAD). Molecular size of the digested fragments were measured by analyzing gel images with Gel Analyzer software package version 2010a (freeware) with 100 bp DNA ladder (Larova GmbH-Germany) as 
Sequence Analysis
The PCR products-representatives for each detected genotype of each tested gene -were purified and sequenced by Macrogen Incorporation (Seoul, Korea). Sequence analysis and alignment were carried out using ClustalW2 to identify each single nucleotide substitution between different detected genotypes. Results of endouclease restriction were carried out using FastPCR. The nucleotide sequence of each genotype for camel κ-casein and αs1-casein genes were submitted to GenBank (NCBI, BankIt).
RESULTS AND DISCUSSION
Camels have an important role as meat and milk sources for many humans in different countries. The camel populations in Somalia and Sudan constitute a half of world camel populations (Pauciullo et al., 2013) . The camel population in Egypt was estimated to be 120.000 headsand its ecotypes serve numerous functions in their respective production systems (e.g. milk and meat production, racing, riding and packing) and are bred and selected for sustainable performance (Mahran, 2004) . The total protein contents of camel's milk ranged from 2.4% to 5.3% (Konuspayeva et al., 2009 ; Al haj & Al Kanhal, 2011; Nikkah, 2011) and it is divided into casein and whey proteins. The casein fraction constitutes 52% to 89% of total camel milk protein and it divided into 4 fractions namely αs1, αs2, β and k-caseins which encoded by four tightly genes (Kappeler et al., 1998) .
In spite of the important role of casein genes and the effects of their genetic polymorphisms on quantitative traits and technological properties of milk, the studies for the detection of genetic polymorphism of camel milk genes are still limited. Due to this fact, this work focused -using PCR-RFLP and sequencingon the identification of genetic polymorphisms of two casein genes in Maghrabi camel breed which is a dual purpose camel breed in Egypt. κ κ κ κ κ-casein gene κ-casein (κ-CN) is highly heterogeneous, soluble in the presence of calcium and differs considerably in structure from the calcium sensitive caseins (Fox & McSweeny, 2003 (Kappeler et al., 1998) . Due to the rare results in this field, our study aimed to detect the genetic polymorphism in exon 1 of κ-casein gene in Maghrabi came reared in Egypt.
The primers used in this study amplified 488-bp fragments (Pauciullo et al., 2013) which spans from -137 bp of 5'-flanking region to +351 bp of the camel κ-CN gene. The amplified fragments were digested with two different restriction enzymes; SmlI and AluI. The results of SmlI digestion did not showed any differentiation between tested animals where there is no any restriction site for this endonuclease in the amplified fragments. Regarding to AluI, the results The representative samples for each detected genotype were sequenced and the results declared the presence of a single nucleotide polymorphism (C→T) at position 121 in the amplified fragments which is responsible for the destruction of restriction site (AG/CT) at this position in allele T and resulted in the presence of two different alleles C (32%) and T (68%) (Fig. 1) with three different genotypes CC (12%), CT (40%) and CT (48%) (Fig. 2) . The nucleotide sequences of κ-CN alleles C and T were submitted to GenBank with the accession numbers; KU055605 and KU055606, respectively. Pauciullo et al. (2013) reported the same SNPT>C in exon 1 of C. dromedaries k-CN after the digestion of amplified fragment with AluI restriction enzyme in four Sudanese breeds. They detected three different genotypes; CC (18.09%), TT (42.55%) and CT (39.36%). This finding agrees with our results where the genotype TT has the highest frequency followed by CT genotype and finally the CC genotype with the lowest frequency.
Kappa-casein gene polymorphism and its association with milk production traits was identified in cattle (Gouda et (Figs. 3 and 4) yielding the presence of three digested fragments with sizes 68-, 563-and 293-bp.
The sequence alignment of αs1-casein gene in Maghrabi camel with the published sequence (Accession No.: JF429140) declared the similarity at 99% with only one SNP (A→C) at position 125 (Figs 5 and 6) Molecular characterization of ás1-casein gene was studied in Sudanese camels PCR-RFLP by Shuiep et al. (2013) . They reported a SNP (G→T) characterized for the new variant CSN1S1C of this gene where this SNP destroyed the restriction site of SmlI. This finding matches with our result where the amplified fragments of Maghrabi camels did not digested with this enzyme.
The molecular characterization and the association between αs1-casein polymorphisms with milk performance were studied in ruminants like cattle (Kishore et In conclusion, the detection of genetic polymorphism and DNA sequencing of QTL genes especially milk composition is considered the best way for enhancing milk production and composition through the selection of animal with superior traits depending on molecular markers (MAS). Due to the economically important of camel in dry and semidry region in the world, further studies on genetic polymorphism of camel milk protein genes and its association with milk traits are needed in the future for genetic improvement of camel milk production.
